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PURIFICATION OP HER— 2 VARIANTS 
FIELD OF THE INVENTION 



The present invention relates to the fieid of affinity 
Purgation of proteins. Mo re particularly, the pre ^ t 
5 xnventxon relates to improvements in metal aftinitvprote- 
purif iostion, especially purification Qf ^^dTl 
hrstrdrne rich proteins that have been recombinant!* produced 
xn resect celis. Th e invention aisc relates to specif To 
Purxfrcation schemes suitable for hi,tidin.-ta TO ed protein 

ant'en L-T y " Pr ° teinS ' ^ ——oersted 

Further, the present invention relate •+ 

variant- ^ k relates to an immunogenic 

variant of human HER-2 that is capable of raiq1n „ . 
15 response in humans, which also J T * ™ 

molecule. ar96tS thS nat±Ve HER-2 ' 

BACKGROUND OF THE INVENTION 

The cancer associated membrane protein her 9 • 

the EGFR f^ m -M * Protexn HER-2 is a member of • 

— ........ „.,„„ »,«.« 

— ~ s ------- 

field has now identified » T in this 

varH w identified preferred HER-2 variants for such 

vaccines, but a genera] «r-«K, ■ 

general problem in protein chemistry is to 
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15450OK00 



2 

devise improved mean*, ^w*. . . 

recombinant Pt o te I n ^1 at T" 9 " t *""*~» yields ot 

wxth a high degree of purity. 

Immobilized metal ion affin^ 
• introduced by P ora th ^\"°?T™*' <«*=> - 
5 Belfrage (1975] Hature 258 "; 8 J 5 ; 9 J ; Carl — - I. 01s.cn, G. 
chelae ch^t^ b 5 e 9 -' " nder " e -tal 

Expression 3 = 263-281- and " , ^Ification and 

Purification process is b h " The IMAC 

10 matrix loaded „r th SO ft ^1 " emPl °^"' of a chelating 
Electron-donating groups on the surface of proteTn S ' 
especially the imidazole side chain of h \ ! 

the non-coordinated sites of t T V Ca " bi " d to 

between the electron Icno The ^erection 

» reversible by * ^h p To! b^- ^ ^ ~ 

Thus, a protein' ^ ng^c™ "T 
such as histidine can be purified „ "^""-^atrng groups 
compWprotein interact JIs " """"^ — 1 

In 1991, Ford et al. (Ford r t o 
- —ein Session J cltlont^::; 0 , G1 " 2 ' 1991) 

Protein purification using lmc techno ^ dl 
applied to recombinant proteins „,„< . 9Md> " 

residues (pclyhistidin. * " ith hi «idine 

iporynrstrdine recombinant proteins »u< . 
proteins") . This method takes advent ""-tagged 
M °r more histidine residues "nT "» 
"etal ion complexes ""^ " f °™ '«V strong 



h~e" e7 "* thiS ~- — ' »-re the 

recombinant To I 3 :: " * «- "levant 

30 redognition Lt^L J^T ^""i™' «- deluding 
can be --W^^^," * ~ - 
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Expression of protein* «■« 4 

^ teins ln insect cells remiS^ -v. 
^ous specialised culture media ^ J^TZllTs °* 
contamination of the r ee «mh< entaxls 

? ^ngi and kalian cells Pu,if T " bact « ia ' 

cells are therefore not necessarilv ,h " manmalia '' 

Protein produced in insect ZZ TIT ^ 3 

soct cells will need to be purified 

«~ ~~ fr. ^jli; ^rrrr 

OBJECT OF THE INVENTION 

« insect ceils. It is a ^Z ^TlT *» 
Provide an i TOU „o g e„ic variant of HER 2 ^"T^ t0 
usefull in e o ,.„„ .. 9 Protein that is 

i™u„othera Py * — °* =Pecifio active 

SUMMARY OF THE INVENTION 

Hence, i n one aspect i-ho 
3S -hod for P u rl fL ^ Tl^Z LTT" ""^ " 3 
protein b ei„ g recoct ^ 
-tore and said protein ^ t^J^J^ 
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purification by m ean , nf . 

y means of immobilised metal . 
chromatography, the ^ affinity 

insect cex/cl **-^. fcom said 

subset steps of * ""^ * -~». of 

- diafiltration and exeh a „„= « 

- Wbili 2ed metal H medium with buffer, 
~ size exclusion fc chromatography (Dnc) , 

xclus3.cn chromatography (SEC) , and 
» - anion exchange chromatography (AIE) 

Another aspect of the invention relates * 

variant of „ ER - 2 prote±n * S * ■» immunogenic 

sequence set forth in SEQ 1D No . th& ^ no acid 

u iu NO: 2, residues 17-677. 

LEGENDS TO THE FIGURE 

15 ^ Chr ° mat0 -^ ic P-file of the IMAC ' 

arrow indicates the l 04 . lpeak . 

2: Chromatographic p r0 fii e of the S£c 
^ arrow indicates the monomer pea* 



F *g- 3: Chromatographic profile of -k 
20 The arm u ,• Puerile of the AIE. 

rr ° W indlc ates the 104.1 peax. 

F ig- 4: The pMT/hHER2MA5--5DUniHis v,n, 

hHER2MA5-5D : Gene codina * P " 2 ' Plasmid ma P- 

nucleotides 360 4 - 5592) 6 h ~ 5 ^^ protein 

P30 epitope- Sel ( ""*-t±— 4357-4401,. 

Pitope. Sequence coding f or the P*n :„ 
hHER2MA5-5DUH protein # , epitope in the 

SV40 late PolvaT " (nUCle ° tideS 5500-5562, . 
ate Polyadenylation site- Polx, a 

Poly A Slgnal (nucleot . des 
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263-268) . 

ColBl: Origin of replication for replication in E.coli 
(nucleotides 701-1434) . 

Ampicillin resistance gene: Gene conferring ampicillin " 
5 resistance in bacteria (nucleotides 1579-2439) . 

Metallothionein promoter: Promoter that can be induced with a 

number of compounds (e.g. cadmium) (nucleotides 3050-3415) 
. Ko 2 ak like sequence: Ribosomal binding site (nucleotides 3493- 

3501). 

10 BiP signal sequence: Signal sequence directing the HER2 
variant protein to secretion into the extracellular 
compartment (nucleotides 3502-3555) . 

UniHis sequence:. Sequence coding for the UniHis tag used for 
purification of the HER2 AutoVac protein (nucleotides 3556- 
15 3597) . 

Dipeptidase stop sequence: Used if the UniHis tag is to be 
cleaved from the HER2 AutoVac protein (nucleotides 3598-3603) . 

DETAILED DISCLOSURE OF THE INVENTION 

in the following a number of term and expressions will be 
20 defined in the context of the present invention. 

-An EGFR family derived protein" denotes a protein which is 
homologous to human EGFR (or ErbB-1) , human HER-2/neu (ErbB- 
•2); HER- 3 (ErbB-3) ; or HER- 4 (ErbB-4) . 

An "autologous" EGFR family protein is in the present 
25 specification and claims intended to denote an EGFR family 
Polypeptide of an animal that i s going to be vaccinated 
against its own. EGFR family prot eih. m other words, the term 

18 ° nly rel6Vant When the «l«tion to the animal that it going 
to be vaccinated is considered. 
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The terms «T-lymphocyte" and «T-cell" will be used inter- 
changeably for lymphocytes of thymic origin which are respon- 
sible for various cell mediated immune responses as well as 
for effector functions such as helper activity in the humeral 
5 immune response. Likewise, the terms -B-lymphocyte" and «B- 
cell" will be used interchangeably for antibody-producing lym- 
phocytes . 

An -antigen presenting cell" ( A p C ) i 3a ce ii which presents 
epitopes to T-cells. Typical antigen-presenting cells are 

10 macrophages, dendritic cells and other phagocytizing and pino- 
cytrzing cells. It should be noted that B-cells also functions 
as APCs by presenting T„ epitopes bound. to MCH class II mole- 
cules to T H cells but when generally using the term APC in the 
present specification and claims it is intended to refer to 

15 the above-mentioned phagocytizing and pinocytizing cells. 

"Helper T-lymphocytes" or «T„ cells" denotes CD4 positive T- 
cells which provide help to B-cells and cytotoxic T-cells via 
the recognition of T« epitopes bound to MHC Class II molecules 
on antigen presenting cells. 

20 The term -cytotoxic ^lymphocyte" (CTL) will be used for CDS 
positive T-cells which require the assistance of T„ cells in 
order to become activated. 

A. "specific" immune response is in the present context inten- 
ded to denote a polyclonal immune response directed predomi- 
25 nantly against a molecule or a group of quasi-identical mole- 
cules or, alternatively, against cells which present CTL epi- 
topes of the molecule or the group of quasi-identical mole- 
cules, r 



Inspicos/25-06-03 



1S4S0DKOO 



7 

The term -polypeptide" is in the ptesenc 

mean beth short, peptides of from 2 to 10 "tended to 

oligopeptides of f rom M to HT. . "°" IeSidUeS ' 

peptides of .ore then 100 . IeSidUe3 ' "* 

■ - - eiso ~: rrr— 

oromolecules comprising at least one Polypeptide Z ^ 
sing et leest two polypeptides, these" ^ ' T 
covalently l lnl ced, or may be ^-c.^^T""' 

tides, derived directly f rom ! * 3 nUCleo ~ 

uxxectxy from a naturally occurring = • 
sequence or nucleic acid „o«, occurring amino acid 

° acid sequence, respectively. 

15 By the term "down-reaniat^ 

Protein" ± B h ' ^ auto ^gous EGFR family 

protexn ls herem meant reduction in the l ivino 
the amount and/or activitv or 9 ° rganism °* ' 

protein T h 6 h a ° tlVlty ° f the relevant EGFR family 
protean. The down-regulation can be obteinoH 
-1 mechanisms i„ c l n di„ g removal ot 2 Z b " 
*° .such as macrophages and other phagocyti"* JTT^ ^ 
more important, that oells carrying t " ' M "™ 

are Ulled hy CT1 s i„ the JIT bOUri " 9 ^ Mti9e " 

o-riirrie^rrr;: rr a — 

« therefore he understood that an 11 T " " 1U 

- not an immunogen in ^IZZlZZ -T t Tn" ~~ 
to use either a «,*- fc ls ne cessary 

e^pes ::: L-t^r^r^ r~ t — 

immune response against autol^u lot " " 

30 the "immunogen" is the o a " d in SUCh a ««• 

of hrea^n/aatotolerance " °* * ™* 
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The term *immunogenically effective amount" has its usual 
meaning in the art, i.e. an amount of an immunogen, which is 
capable of inducing an immune response which significantly en- 
gages pathogenic agents which share immunological features 
5 with the immunogen. 

The term "pharmaceutical^ acceptable" has its usual meaning 
in the art, i.e. it is used for a substance that can be ac- 
cepted as part of a medicament for human use when treating the 
disease in question and thus the term effectively excludes the 
10 use of highly toxic substances that would worsen rather than 
improve the treated subject's condition. 

A -foreign T-cell epitope" is a peptide which is able to bind 
to an MHC molecule and which, stimulates T-cells in an animal 
species. Preferred foreign epitopes are -promiscuous" epi-. . 
15 topes, i.e. epitopes, which binds- to a substantial fraction of 
MHC class II molecules in an animal species or population. A 
term, which is often used interchangeably in the art, is the 
term "universal T-cell epitopes" for this kind of epitopes. 
Only a very limited number of such promiscuous T-cell epitopes 

20 are known, and they will be discussed in detail below, it 
should be noted that in order for the immunogens which are 
used according to the present invention to be effective in as 
large a fraction of an animal population as possible, it may 
be necessary to 1) insert several foreign T-cell epitopes in 

25 the same analogue or 2) prepare several analogues wherein each 
analogue has a different promiscuous epitope inserted, it 
should be noted that the concept of foreign T-cell epitopes 
also encompasses use of cryptic T-cell epitopes, i.e. epitopes 
which are derived from- a self-protein and which only exerts 

30 immunogenic behaviour when existing in isolated form without 
being part of the. self -protein in question. 
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A foreign T helper lym phocyte epitope „ „ fore . gn 
is a foreign T cell epitope, which binds an ^ clgss „ moie _ 
cule and can be presented on the surface of an antigen pre- ' 
seating cell (APC, bound to the MHC Class I! molecule, it is 
5 also important to add that the -foreignness" feature, therefore 
has two aspects: A foreign t, epitope is 1, presented in the 
MHC Class II context by the animal i„ nation and 2, the for- 
eign epitope is- not derived from the sa me polypeptide as the 
target antigen for the i™,uni,atio„ - the epitope is thus also 
10 foreign to the target antigen. 

. A "CTL epitope" is a peptide, which is able to bind to an MHC 
cxass I molecule. 

The term -adjuvant" has its usual meaning in the art of vac- 
- ^technology, i.e. a substance or a composition of matter 
15 which as 1, not in itself capable of mounting a specific im- 
mune response against the immunogen of the vaccine, but which 
xs 2, nevertheless capable of enhancing the immune response 
against the immunogen. Or, in other words, vaccination with 

20 the ir Vant al0nS *"* Pr ° Vide a " ^ »-»— — *»* 
the immunogen, vaccination with the i^unogen may or may not 

™ h -T ^ a " iM ° ne re5P ° nSe a9ainSt 016 *—••». but the 
combined vaccination with immunogen and adjuvant induces an 

immune response against the immunogen which is stronger than 
that induced by the immunogen alone. 

25 -Diafiltration" is a technic using ultrafiltration membranes 
to remove salt or solvent, exchange buffers, or fractionate 
•different size biomolecules in macromolecular solutions 
Macromolecules retained by the ultrafiltration membrane are 
■concentrated while solvent and low molecular weight species 

30 are removed. However, a simple concentration of the 

macromolecmar sample win not completely remove the smaller 
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species. Therefore ~ 

the sample us^-ult^a T SPe ° ieS mUSt ^ *~ h - *«- 

the di a, iltrati : n m ; : : ; w t t t ,diafii " ati °»> • — 

contamination using diaf -m-T-^-i 

step process. d " fllt « t -» - couid occur „ ith . t „o- 

10 "^obiiised .etel affinity chromatography. taaet u , 

15 "! c 7. e!t0lUSi * n aortography" i, . Olographic 
15 technrgue, where proteins and other macro-nolecoies are 
fractionated according -to their r, h ■ , 
are retained in pores of the 7 ° ^ 
slowiy, whereas P ° matrl " and " e therefore eluted 

retained ™ ^ 5 nSt ne ^ a tive charge are 

rr.-. — - 

SS5 c ^Etion_of_the prefers eafeodlmgnts 

25 The present invention relates to a purification process that 
« especraily taiXored for purification of egfr fall , 

led to the preparation of immunogenic 
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variants of the human cancer-associated antigen HER-2 - these 
variants are produced' in the DES® expression system, an 
expression system owned by GlaxoSmithKline and marketed by 
i.a. Invitrogen. The system utilises S2 Drosophila cells and 
5 specialised vectors. The use of S2 cells as host cells for 
recombinant production has, however, posed its own set of 
problems to solve vis-a-vis the HER-2 variant in question, and 
these problems have been solved by using the inventive method 
(i.a. problems with co-emigrating proteins which are derived 
10 from the S2 cells) . 

The particular protein- that is used in the Examples is a 
variant of human HER-2, which is immunogenic in humans - the 
variant includes the amino acid sequence- set forth in SEQ id 
NO: 2, residues 17-677. However, since this amino acid 
15 sequence is not in itself suitable for IMAC, it contains an N- 
terminal histidine tag (amino acid residues. 1-14 in SEQ ID-NO: 
1) that can be cleaved off by an aminodipeptidase (dipeptidyl 
peptidase I, DPPI, cf. Pedersen J et al., 1999, Protein 
Expression and Purification 15, 389-400). The stop sequence 
20 for the diaminopeptidase consists of residues 15 and 16 in SEQ 
ID NO: 2. 



Therefore, in general the instant purification method is 
especially suited for EGFR family derived proteins that 
include a heterologous amino acid sequence that facilitates 

25 purification by means of IMAC. This sequence may be native to 
the EGFR family derived protein, but more often it is 
•heterologous amino acid sequence (i.e. not naturally 
associated with the EGFR family derived protein) . Preferred 
amino acid sequences for this purpose are rich in histidine 

30 residues (e.g. the His 6 tag and other amino acid sequences with 
several consecutive histidine residues) . The most preferred 
heterologous amino acid sequence that facilitates IMAC 
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purification is the one comprising residues 1-14 of SEQ ID NO- 
2. 

The EGFR derived protein subjected to the inventive process is 
preferably one that comprises a substantial part of the amino 
5 acid sequence of human EGFR or human HER^2, and it is 
especially preferred the this substantial part is mainly 
derived from the extracellular portion of human EGFR or human 
HER-2 . Most preferred is a variant of human HER-2, and in the 
most preferred embodiments, the variant of human HER-2 
10 includes at least one foreign T helper cell epitope. 

As mentioned above, the inventive process has been conceived 
in connection with work on recombinant production of certain 
variants of human HER-2 antigen. These variants are 
characteristic in including promiscuous foreign T-helper 

15 epitopes that are introduced into the amino acid sequence of 
human HER-2 extracellular, domain. Preferred variants . of human 
HER-2 include tetanus toxoid epitopes P2 (residues 269-282 of 
SEQ ID NO: 2) and P30 (residues 649-669 of SEQ ID NO: 2) and 
the most preferred variant has an amino acid sequence that 

20 consists of residues 1-677 of SEQ ID NO: 2 

Dxafil tra ti on/buffer exchange 

The step of diafiltration/buffer exchange is performed at a 
temperature from about 2 to about 25°C. However, preferably 
temperatures in the lower part of the range are used, e.g. 
25 temperatures below 20»C, such as below 15°C or below 10°C. Most 
preferred temperatures are in the range between 2 and 9°C, such 
as in the range between about 3°C and about 9°C, with a most 
preferred temperature range from about 4 to about 6°C. At 
. higher temperatures (e.g. beyond 10»C) there is a tendency that 



Inspicos/25-06-03 



15450DK00 



13 



t 

• the protein aggregates, and this can be counteracted by adding 
a detergent, such as a Tween type detergent. 

Normally, the diaf iltration is performed in two rounds so as 
to initially. concentrate macromolecular compounds in the 
5 sample of culture medium and thereafter to exchange culture 
medium with buffer. These procedures are done following 
standard procedures in the art, cf . also the examples, it is 
preferred that the concentration step results in a 
concentration of between 2 and 25 times of the macromolecular 
10 compounds, such as a concentration between 2 and 20 times, 3 
and 15 times, between 3 and 10 times. Preferred concentration 
of macromolecular compounds is in the range of. between 4 and 8 
times, and the most preferred concentration is about 5 times. 

The buffer exchange is typically performed in two subsequent 
15 steps of which the first takes place at a P H of at least 6 5 

and at most 7.2 and of which the second takes place at a P H of 
• at least 7.0 and of most 8.0. It is, however, possible to 

perform both steps at the same P H in the, overlapping part of 

the two ranges. Typically, the buffer exchange is performed 
20 using a phosphate buffer. 

After completion of the buffer exchange, the stringency of the 
following' steps is preferably increased by adding an agent to 
the sample that will compete for binding to the 
chromatographic matrix in the IMAC step so as to reduce the 

25 amount of non-significant binding by contaminating 

constituents. For example, addition of imidazole, histidine or 
a high salt concentration buffer to the diafiltrated and 
buffer can be done to increase the stringency. Preferably, 
imidazole is added so as to reach a concentration in the range 

30 between about 0.05 to about 20 mM, preferably in the range 

from about 0.5 to about 15 mM, such as i„ the range from about 
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1 to about 10 mM. Especially preferred is concentration of 
imidazole in- the range from about 2 to about 9 mM, such as a 
concentration from about 3 to about 8 mM. most preferred is an 
imidazole concentration of about 4 to about 6 mM, such as a 
5 concentration about 5 mM. when using a high salt concentration 
buffer (often NaCl) , the concentration is in the range from 
100 mM up to about 1 M. 

It is also preferred to add a detergent to the diafiltrated 
and buffer changed sample prior to the IMAC step. The 

10 .detergent will normally be selected from a polyoxyethylene 
sorbitan fatty acid ester such a* Tween 20, Tween 40, Tween 
60, Tween 80, and Tween 85, an alkylaryl polyether alcohol 
such as Triton X100, a non-ionic detergent, and a carbohydrate 
based detergent such as octylglycoside . The detergent is • 

15 advantageously added to reach a concentration of between about 
0.05% (v/v) and 10% (v/v) , such as about 0.1% (v/v) . 

IMAC 

The IMAC step involves charging of a chromatographic medium 
with a divalent metal ion prior to application of the buffer 
20 exchanged sample thereto. Typically, the divalent metal ion is 
selected from the group consisting of Ni 2+ , Cu 2+ , Zn 2 \ C o 2+ , and 
Fe 2 \ Preferably, the divalent metal ion is Zn 2+ . 

Elution of the chromatographic medium in the IMAC is performed 
by applying imidazole, histidine, a high salt concentration 

25 buffer, or a change of p H onto the chromatographic medium 
(typxcally in a chroma tograpic column) . For instance, when 
using imidazole for elution, this is advantageously done by 
applying the imidazole in one single step at a concentration 
between about 50 mM and about 500 mM (such as between 100 and 

30 400 mM) , preferably at a concentration of about 200 mM 
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Alternatively, when histidine is used this is done by applying 
the histidine in one single step at a concentration between 
about 20 mM and 400 mM (such as between 50 and 200 mM) , 
preferably about 100 mM. The high salt concentration buffer 
5 usually contains NaCl in conctrations up to about 1 or even 2 



M. 
SEC 



The average pore size of the SEC matrix is preferably one that 
separates globular protein between 1 0 kDa and 600 kDa. 

10 After having applied the sample to the matrix, elution is done 
wxth a phosphate or TRIS buffer or, alternatively, with a 
biological buffer such as HEPES . It has surprisingly been . 
found that phosphate buffers are suitable for the following 
AIE step, something which is normally considered 

15 disadvantageous but the present inventors have encountered no 
problems in this respect. 

PH is. maintained in the range of about 7 to about 8 during the 
SEC and preferably the pH is kept about 7.5. 

If relevant and necessary (i.e. when a phosphate buffer is 
20 used in the SEC step) , samples containing the EGFR family 
derived protein obtained from SEC, is diluted before the AIE 
step so as to adjust the phosphate concentration to less than 
15 mM, such as to the range between 10 and 12.5 mM. However, 
it is, as mentioned above, surprising that the AIE can be 
25 performed using such a phosphate buffer concentration. 

AIE 

The final step in the purificaiton procedure of the invention 
xs an AIE step. This step preferably involves loading of the 
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6en 7 and 8 ' Preferably about p H 7.5. 

The protein obtained i n the eluate after t*. , 

a clinical grade M ri t- „ . ' * f ° Ur Ste P s has 

9 adS Purifc y and ^ substantially free of 
contacts derived f rom the insect cell culturl. 

HER-2 variant of the invention 

!0 As mentioned abovp *-v> A 

— ;:;c~r:rr r thod b ~ n 

• . -tigen. This particular J^Tt °* h ™ an HER-2 tumour 
"en-suited as a ,„ ?r ° Ven to be «P~ially. 

reactions ag in t IZll ^ 

" " aiao a pl t of ^ ^ ""^ *° ™° Particular variant 
so a part of the present invention. 

icaoie vectors and host cells 
details pertaning to this specific HER 2 v " ° th " 

in the disclosure of „o 00/2002, „l c ^ ^ 

20 a brief discussion win be Z , " f ° 11 °» i ^ o-T 

to the variant Hence t h ! 3peci «-"v Pertains 

inciuded by refeLncr'he l0Sl,rS °' "° °° /20027 *' 

t each iflgs oonc e :i-rnZ:::^rrr che ~ y 

6 dlsc losure in W0 00/20027 relating 
vaccination against autologous HER-2 is ° ^ 

reference herein. " lncor * 0 «ted by . 

As mentioned above - Jr ,^+-K^ 

relates to an Z " the prese " invention 

an r^unogenic variant of hsr-2 ptotein that 
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comprises the a mi „o acid sequence set forth in SEQ , D N0 . 2 

7 dUM 17 " 677 - " U P-'erred that this variant is a 
polypeptxde that consists nf 

in SEQ 1D H0: 2 , resid I 8 ! 6 forth 
c • _ of g f .x.e. 3 variant that also 

"s o : hi " idinyl -^ P-i«=ation ta g 

rescues l-l< in SEQ ID BO = 2 , and an aminopeptidase L p 

sequence consisting of residues 15 and 16 in SEQ „ H0: * 

Also inclndad in the present invention is a nucleic acid 

10 prorT' ^ en °° deS thlS - HER— 2 

protein, such as a DMA fragment. An especially preferred DMA 
fragment has the HER-? - Preferred DNA 

SEQ ID HO= 1. en ° 0din9 "* " 

Useful -tools in the recombinant production of HER— 2 variants 
5 are vectors carrying the nucleic acid fragment of the 
» invention. Especially preferred is- a vector capable of 
autonomous replication. Typicallv hh» „ . 

*.v. *ypj-caa.j.y, the vector is selects fv™ • 

the group consisting of a ol^nHH ^ selected from 

chromosome, and a vLs ' 3 ^ 3 * ' 

Expression vectors are especially preferred. A typical 
expression vector of the invention comprises, in the 5^ 3 . 
direction and in operable linxage, a promoter for driving 
expression 6f the nucleic acid fragment of the invention 

e„ bl ' " UCleiC a ° id ™- * ^ader 

25 polyp:::.: 60 : 6 " 0 " °* ~ *»*• the membrane of the 

WeK a9 " ent ' nUClei ° aCW «* °* the 

invention, and optionally a nucleic »o<rt 

terminator. d se< ^ en = e encoding a 

For recombinant production, a host cell o 
vector of • transformed with the 

vector of the invention is especial l„ „„« 
o n , , especially preferred. A 

Particularly interesting host cell is an insect cell, and moat 
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preferred is . drosophila derived host such ^ ^ ^ 

r v :i::;:; t h h e e inventin isa — — ^ — carries 

5 acid T -vention and- which expresses the nucleic 

:: :::::: ::;:::zr: on ' and which ™ 

P-ein of the WntLn ^ 

Furthermore, the invention also provides for sn ■ 
composition for immunising ^ ^ ^ 
10 comprising the immunogenic variant of HER-2 d T " 
above in admixture with a pharmaceutLITl ^ 
or vehicle and ™- • P^armaceutxcally acceptable carrier 

ehxcle and optionally an adjuvant. Details on suitable 
formulations can be found in WO- 00/20027. SUit *^ 

Alternatively, the vaccine may be in th* * 
15 ar>ir* • the form of a nucleic 

J-o acxd vaccine ffor rte^^-i,. u «*>*eic 

00/20027, Thus a L COnCerni " 9 thiS technology, of. Ho 

=o»po 5 it „ Zl\l: P °* ^ ^"tion.ie - i-unogenie ' 
" f ° r lran,unizin 9 against HER- 2 protein in * k 

t he .e 0tor de 3c, ibed ^ in i: ur : n „ th 7" 

^ <>* present invention is . 

-tbod for lmKlni2ing . human agalnst 

-thod Arising admini3tering/ tQ 9 " »" the 

^nunogenioally effective , mou „t of 

25 - the immunogenic variant of mn> ■> „ . . 

Oogenic composition 1^^,^" " 

c;::ii;:irr:;r . herein - an i — — — 
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It xs especially preferred that this immunization method (as 
well as the different means for immunization described herein) 
is used for treating or ameliorating cancer. 

PREAMBLE TO THE EXAMPLES. 

5 The following exemplification utilizes the "104.1 molecule" 
(cf . SEQ ID NO: 2) which is an immunogenic analogue of the 
cancer associated HER- 2 protein. However, it will be 
, understood by the person skilled in the art that the general 
teachings of the present invention are applicable for other 
.10 His tagged proteins, especially those produced recombinant^ 
• in insect cell systems. 

The purification process consist of the following 4 general 
steps : 

1. Diafiltration with buffer change of fermentation 
15 supernatant. 

» 

2. Immobilized Metal Affinity Chromatography (IMAC) 

3. Gelfiltration/Size Exclusion Chromatography (SEC) 
4.. Anion Exchange Chromatography (AIE) 
Diafiltration/buffer exchange 

20 The diafiltration serves three purposes 1) to concentrate the 
substance -104.1" 2 ) to remove low molecular weight substances 
from the fermentation medium that could interfere with the 
subsequent capture step, such as metal ions and 3) to change 
buffer into a buffer more suitable for metal chelate 

25 chromatography (IMAC) . Buffer exchange takes place in two 
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steps, first into SO mM phosphate buffer pfl 7.0 and then into 
50 mM phosphate buffer P H 7.5. This P H sequence seems to be 
critical because going directly into pH 7.5 leads to 
precipitation of not identified components from the 
5 fermentation mediuni, when the fermentation medium is insect 
cell medium. Concentration is mainly performed to reduce 
loading time in the subsequent IMAC and to reduce consumption 
of buffer in the buffer exchange step and is not found 
essential for the process, as the subsequent IMAC by nature is 

10 a concentrating process step. The concentration scale is 
described to be 5 times but experiments using 10 times 
concentration also seem to work and it is expected that it is 
possible to go higher, such as 20 or even 25 times. Further 
concentration than the 5 times described in the protocol may 

15 xmprove the. process, as it would decrease the loading time on 
the following IMAC column. 

Sample p reparation for IMAC 

The diafiltrate is prior to application to the IMAC column 
prepared by adding imidazole to a final concentration of 0-10 

20 mM. If no imidazole (or a similar substance) is added, we have 
expenenced co-purification of other proteins from the insect 
cells with 104.1. Furthermore, Tween 20 is added (after 
filtration) to a final concentration of 0.1% (v/v) . Up to 5% 
can be applied for the IMAC step and higher concentration than 

25 0.1% will lead to less dimer formation. Other detergents are 
also expected to be useful, obviously other Tweens (Tween 40, 
60, • 80 and 85) . 

IMAC 

The substance 104.1 has a so-called His-tag in the N-terminus 
30 that has affinity for complexed divalent metal ions 
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immobilized on the column matrix. Critical parameters are 
choice of divalent metal ion and choice of elution 
agent /method. Ni 2+ , Cu 2+ and Zn 2 * can all be used as the 
chelating metal ion. However, Zn 2+ has provided superior 
5 recovery and fewer impurities. . For elution of captured 104.1 
.several strategies can be used.l) Application of imidazole to 
the column 2) application of histidine to the column 3) 
application of high salt concentration buffer to the column 
and 4) change of pH on the column. 

10 The described process uses elution by application of 200 mM 
imidazole in one step. However, down to 50 mM can be used but 
the result is less concentrated 104.1 and lower recovery. 

SEC - 

The example below describes that the SEC is. run in phosphate 
15 buffer. However, TRIS seems to work as well and TRIS is more 
suitable for the following AIE than phosphate. The current 
protocol describes dilution of the SEC eluate before 
application on the AIE column in order to reduce the phosphate 
• concentration, and this will not be necessary with TRIS. It is 
20 nevertheless surprising the a phosphate buffer can be used at 
all. 

If the IMAC was run in Tween-20 concentration higher than 
0.4%, it should be adjusted to < 0.4% in the SEC, as the 104.1 
protein does not bind to the AIE Column if the concentration 
25 of Tween-20 is higher than 0.1%. This may be different if the 
AIE is run in TRIS instead of phosphate. 

Sample p reparation for AIE Chromatography 

The relevant fractions from SEC are diluted in water, 1 volume 
eluate + 3 water, to reduce the phosphate concentration as it 
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interferes „ lth the aie* chromatography. This issue ia alSQ 
discussed in the SEC paragraph. 

AIE Chromatography 

The critical parameters are the oH snri < 
5 sample and buffer systems. ° f 

If the SEC was run in tut* ^ a 

»ater, couid be avoided l/t^eT- < d "^°" *" 

time, would be reduce* ° ad1 " 9 VOl " ne ,a " d 

'~ — 



EXAMPLE 1 



Cuituri^g of flEi?-^ vaxiaflt 104 .1 
15 Cel1 line produri-i^ 



A polyclonal culture of <?9 n, 

of S2 D^osophila melanogaster cells 
transrected with a pMr vector (DESe sy3tem/ Nitrogen 
concerning the gene coding for the HER2 variant 10, T- the 

Plasmid IZL a ln P " allel a 

enablil th ^ C ° nferrin ' "^omycin resistance 

ng the usage of h y gro my cin for seieotion of transfected 
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A limited dilution technique was used for isolation of single 
cell clones and a Master Cell Bank (MCB) was produced from the 
selected cell line. 

HER2 protein AutoVac production 

5 One vial from the MCB is resuscitated in a T-flask and 

propagated in shake flasks containing ExCell420 media ( JRH) at 
25 °C to obtain enough biomass for the inoculation of a 
, bioreactor. A total of 45xl0> cells is diluted into 3000 mL . 
with ExCell 420 supplemented with 4 mM Glutamine, 0.1 % 
10 Pluronic F68, and 0.5 mL/L PD30 antifoam. The 3000 mL are 
used to inoculate an Applikon bioreactor (7 L working volume) 
where the culture grows for 3 days at 25" C , d0 2 = 50% (100% = 
air saturation), pH = 6.5 ± 0.1 (adjusted with 5 % H 3 P0 4 and 
0.5 M NaOH), and stirred at 170 rpm. 

.15 This culture is diluted with ExCell 420 supplemented with 4 mM 
Glutamine, 0.1% Pluronic F68, and 0.5 mL/L PD30 antifoam to a 
total cell concentration of 15 x 10* cells/mL and used for 
- inoculation of a 15 L working volume Applikon Bioreactor 
maintaining 25"C, d0 2 = 50 % (sparging with pure oxygen), P H = 

20 6.5 ± 0.1 (adjusted with 5 % H 3 PO« and 0.5 M NaOH) , and stirred 
at 142 rpm. The culture is continuously diluted with ExCell 
420 supplemented with 4 mM Glutamine and 0.1 % Pluronic F68 
until a total volume of 10 L is reached. The dilution rate is 
adjusted daily to prevent the cell number to drop below 15 x 

25 10 6 cells/mL. PD30 antifoam iss added manually to the culture 
to maintain a total concentration of 0.5 mL/L. 

When filling is completed, perfusion is initiated at 1 RV/day 
(reactor volumes per day) using the BioSep cell (AppliSens) 
acoustic retention device to prevent cell loss with the 
30 removed media. At a cell concentration of 30 x 10* cells/mL, 
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the culture is induced by addition of a total of , m 

«** stock, to the culture and to th ' ! ^ ^ (1 ° 

ure and to th ® medium reservoir. 

Lui 1 ::?" 6 " medium is harvested - to obtain . 

s I /o L supernatant - and «" rated through . PALl filte ; n 

» 0-8/0.22 )m. The resultino st,,, n . . 

at -»n=r . ■ , ' "erne supernatant is either stored 

at 80 C untrl use (storage up to three months at -80"c has not 
Produce* detectabie stabiiity problems, or stored at «-c 

" lth ° Ut f ° r UP *» — «* <also without any detectable 
degradation of the protein) . detectable 

culture media ln the bioreactor is discarded. 



EXAMPLE 2 



^ii t ra t io,/Con C e,tx- at ic and Bu^er Change - 

Before use, the fermentation supernal-^ * 
15 kept at -80°C th™ h . su P ern *tant ^om Example 1 is , if 

* au ou <-/ thawed slowlv at /i<v- _ 

ho-s in coid water, and th " l9ht ^ 3 * « 

day at « oth th -earter stored for a maximum of X 

directly ^ — — tant is used 



The fermentation supernatant is centrif,,™.,, ■ 
- r centrifuge in Sca3 000 tubes ^ " f 

srs^. r:ri in a coid ~- at «-« - ~- 

-Ulipore. Cat, £, J frlT T " * 

» i- ... « — . Sefore diafiltr.ionte f" I t ZeT^ 
thoroughly washed through with mini., ^» 



Insplcos/25-06-03 



15450DKOO 



25 



reservoir is filled with milli-Q water (3L) and washed with 
water through the filter until 200 ml is left in the 
reservoir. This procedure is repeated 3 times until a total of 
12.1itres has passed through the filter. Now, diaf iltration 
5 can be instigated: 

A maximum of 15 L fermentation supernatant is concentrated 5 
times: The recirculation pump is started. The backpressure 
valve should be partly locked, to give an outlet pressure that 
shows back pressure (e.g. 0.2 bar). The pump speed is adjusted 

10 to 30-50%. The pressure difference should show 0.7 - 1 2 Bar 
as this is when the filter' s maximum capacity is used and f low 
over filter correspond to 3-4 L/min (e.g. Outlet P=0.2 Bar, 
inlet P=1.0 bar, AP=0.8). Inlet pressure should show max 1 4 
bar considering tubing life and performance. If a higher inlet 

15 pressure is desired, the recirculation pump pressure can be 

elevated (%) or the mechanical pressure on the tubing could be- 
elevated by applying higher pressure on the tubing < scale 0- - 
5) . When the back pressure valve is closed, a higher inlet and- 
higher outlet pressure is received. The back pressure valve 

20 should never be completely shut. 

Subsequently, the concentrated fermentation supernatant is 
subjected to buffer exchange, first using 10 volumes 50 mM 
Na 2 HP0 4 /NaH 2 P0 4 , p H 7.0, and then by 10 volumes 50 mM 
Na 2 HP0 4 /NaH 2 PO 4 , p H 7.5: The standard reservoir on the ProFlux 
25 M12 Millipore apparatus is filled with buffer to a total 
volume of 3L and also the side reservoir is filled with 
buffer. The setting on the apparatus is the same as when 
concentrating the sample . 

The volume of the buffer changed sample (Vb) is measured and a 
30 a sample is taken out for SDS-PAGE (Sb) . The concentrated 



Inspicos/25-06-03 



15450DK00 



26 

buffer changed sample is portioned into 11 ml and 50 ml lots 
and frozen quickly to -80°C. 

Analysis of the Diafiltrate 

pH and ionic strength is measured to assure efficiency of the 
5 buffer exchange. 

Total protein concentration is estimated spectrophotometri- 
cally at 280 nm in a 1 cm cuvette. A 10 times diluted sample 
(dilute in 50 mM sodiumphosphate buffer pH 7.5) with 50 mM ■ 
sodium phosphate buffer pH 7.5 is used as reference (using the 
10 approximation Abs 280 of 1 = 1 mg/ml total protein) . The specific 
concentration of variant 104.1 is measured by ELISA and the 
diafiltrate is furthermore analysed by SDS-PAGE, silver 
stained and WB-ECL detection. 

Remarks to the Diaf iltration Step 

• 15 It is important to start the buffer exchange at pH 7.0 before 
changing to pH 7.5. Otherwise, residual components from the 
fermentation medium precipitate. 

Diafiltered samples have been stored at -80 °C for several 
months without change in performance in the quantitative HER- 2 
20 ELISA. However, when thawed, even short exposure to 37 °C and 
54 °C dramatically decreases, the performance of the diafiltrate 
in the same ELISA. When kept at 0 °C (ice/water) and 4 °C after 
thawing from -80 °C, the performance in the ELISA of the 
diafiltrate is stable for up to at least 4 hours. 



25 EXAMPLE 3 
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IMAC 



The general chromatographic principle for IMAC is affinity 
between a "tag" on the protein and a metal ion chelate complex 
on the column matrix. The chromatographic matrix is POROS 20MC 
5 (Applied Biosystems) and the chelating metal ion is Zn 2+ . The 
104.1 molecule is provided with a His-tag and the buffer 
system for binding of the His-tag to the column matrix is 50 
mM Na 2 HP0 4 /NaH 2 P0 4 , 5 mM Imidazol, 0.1 % Tween20, pH 7.5. Three 
mg 104.1 per ml column material is loaded and subsequently 
.10 eluted using 200 mM Imidazol, 50 mM Na 2 HP0 4 /NaH 2 P0 4 , pH 7.5, 0.1 
% Tween20. 

Instrument: VISION Work Station (Applied Biosystems) . 
Software: Data analysis software for Vision, BioCAD 700E, 
version 3 series software, Perseptive Biosystem. 
15 Detection: UV absorbance at X = 280 and 220 nm. 
Conductivity: 0 - 200 mS 
pH calibrated at: 7.0 and 10 

Temperature: The procedure was made with buffers and column at 
room temperature (20-24°C> and loading of sample on ice and 
20 fraction collection at 10°C. 

Sample Preparation 

To the diafiltrate containing the 104.1 molecule, 800 mM 
imidazole is added to a final concentration of 5 mM imidazole. 
Immediately before application to the column the sample is 

25 filtrated by vacuum through OSMONICS AcetatePlus, Supported, 
plain, 0.22 um filter, (cat# A02SP04700) and Tween20 is added 
to a final concentration of 0.1% (v/v) . The sample is kept at 
4°C until application to the column where it is held on ice 
when applied. Handling time at room temperature should be 

30 minimized. 

InspJ.cos/25-06-03 



15450DKOO 



28 

Column 



POBOS 20 MC in a 16 „ 100 _ (20a ml) pEEK coiumn 
Biosystems) packed at 2000-2500 psi. 

Buffer Stocks 

5 Buffer A: 250 m Ha,HPO./NaH a PO., pH 7.5, 0.5 % T „e en20 
Buffer B: H 2 0 (Milli-Q) 
Buffer C: 12.5 mM Imidazol, pH 7.0 
Buffer D: 800 mM Imidazol, pH 7.0 
Buffer E: 0.1 M EDTA, 1 M NaC i, pH 4 . 2 
10 Buffer F: 100 mM ZnCl 2 , pH 4.5/ Sample 

, -° 1Umn Cha ^ e (gtriE^charg e) Progran; 
Flow: 10 ml/min. 

1. 20 CV Buffer E (strip) 

2. 20 CV Buffer B 
15 3. 40 CV Buffer F 

4. 40 CV Buffer B 

The column should be charged before each run. 
Chromatography Prnnr am 
20 Flow rate 30 ml/min, loading 5 ml/min. 

F rac tion collection size 9 ml, and 5 ml at elution peak 200 mM 
inudazole. Collect in a cooled ( 10*> fraction collector. 
1. Purge system 20 ml (30 ml/min) 

2 Equilibration: 20 CV 40 % buffer C, 20% buffer A 
3. Load: sample through pump, 5 ml/min. 
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4. Wash: 40 CV 40 % buffer C and 20% buffer A 
» 5. Elution: 

• 10 CV 25 % buffer D, 20% buffer A 
. » 5 CV 50 % buffer D, 20% buffer A 
5 " 5 CV 80 % buffer D, 20% buffer A 

6. Wash: 20 CV buffer B (H z O) 

Pool the fractions from the eluted peak from chroma togram (cf . 
Fig. 1) . Begin pooling at peak start and collect a total of 50 

10 ml or pool fractions based on SDS-PAGE/WB results or ELISA to 
a total of 50 ml. This pool can be saved over night at 4°C or 
carried on to SEC straight away. Storage of pool up 7 days at 
4°C, -20°C and -80°C has shown no loss in total protein after 
filtration through 0.22 urn filter when analysed on SDS PAGE, and 

15 WB-ECL. 

Sanitization of column 

Wash the column with 5 CV 1 M NaOH, 2 M NaCl, followed by 10 
CV of water. If further sanitization is needed see the RSP 
from the manufacturer. The column is stored in 30% EtOH at 5- 
20 30°C. 

Analysis of IMAC Intermediate 

Start material, flow through and eluted fractions are analysed 
by WB-ECL and SDS-PAGE/silver stained. 

• Analysis of IMAC Pool 

25 The pool is analyzed by WB-ECL and SDS-PAGE/silver stained, 
HPLC and OD 280 „, (on 10 times diluted sample) . The specific 
104.1 concentration is determined by ELISA. 
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EXAMPLE 4 

SEC Gel Filtration Chromatography 

The gelfiltration step is run in 50 mM Na 2 HP0 4 /NaH 2 PO«, 0 1% 
Tween20, p H 7.5. Fifty ral from IMAC Qf g ^ 

5 Superloop (Pharmacia, on a Superdex 200 prep grade matrix. 

instant: BioCAD 700E Work Station for Perfusion 
Chromatography equipped with a semi-preparative flow cell to 
reduce the back pressure on the column. 

Software: Data analysis software for Vision, BioCAD 700E, 
10 version 3 series software, Perseptive Biosystem. 
Detection: uv absorbance at X = 280 and 220 nm. 
Conductivity: 0 - 200 mS 
pH calibrated at: 7.0 and 10 

Temperature: Buffers and column are room temperature <20-24<>C> 
15 and the sample is loaded directly from 4°C. Fractions 

containing the monomer 104.1 should be moved to 4°C directly 
after collection if the collector is. not cooled. 

Sample Preparation 

The Pool from IMAC in buffer, 50 mM Na 2 HPO«/NaH 2 PC, , 0.1% 
20 Tween20, 200 mM imidazol, pH 7.5, requires no special 

Preparation. The sample should be kept cool ( 4 - 6 °C) until 
loading. 



Column 



Superdex 200 prep grade, packed in Pharmacia column XK 
25 50x960mm <188< mi, at 15 ml/min as final flow rate. Load 
maximum 50 ml. 
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Buffer Stocks 

Chromatography Program 
5 General flow rate 8 ml/ min , i oad 5 ml/min . 
Fraction size 9.0 ml 

1. Equilibration 1.5 CV 20% buffer A (see remarks) 

2. Load: via 50 ml Super Loop, 5 ml/min 
3- Elution 1.2 CV 20% buffer A 



The fractions from the monomer peak ( c f Fia „ 

comparing gel results to oh* • P °° led b * 

^ , °' ~ 2 ° C and - 80 ° C h ^ shown no loss in 

total protein after filtration through 0.22 m filter when 
analysed by SDS PAGE and WB-ECL. 

Sanitization and cleanin g of column 

The column is cleaned by running 0 5 NaOH in , ha 
on , . »»y w.o wauM in the reversed finu 

20 direction for 1—2 h at- K ^ mi / j „ Q IJ - ow 

6 - 5 ml/min (20 cm /h) followed by 3 bed 
volumes of buffer For- . Dea 

rrer. For sanitization run 0.5-1.0 NaOH in 
reversed flow direction i * •. , . 

fft „ „ w erection, 13 ml/min (40 cm/h) for 30-60 min 
followed by 3-5 bed volumes of sterile buffer. T he column is 

25 22: " ! % 6than01 ^ 4 " 8 ° C - ^ additi — ^formation 
25 confer manufactures manual. 
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Analysis of the SEC Intern^ 



Start material and eluted fractions are analyzed by WB-ECL and 
SDS-PAGE/silver stained. 



Analysis of SEC Pool 



5 The pool is analysed by WB-ECL and SDS-PAGE/silver stained, 
HPLC and OD 280 nm . The specific 104.1 concentration is 
determined by ELISA. 

Remarks to SEC 

Make sure that the sample is kept at 4°C between 1MAC and 
10 loading from the Superloop. 

If the fraction collector is not cooled (10«C) make sure that 
fractibns are moved to cold room/fridge immediately after the 
collection. 

When the column is frequently used, a constant flow (0 2 
15 ml/min) of 50 mM Na 2 HPO</NaH 2 P0 4 , pH 7.5, 0.5% Tween 20 is 
applied to the column. 



EXAMPLE 5 

AIE Chromatography 



Anion exchange chromatography is performed at pH 7.5 (20 mM 
20 TRI S)/ preferably oh a strong anion exchange perfusion matrix 
POROS 50HQ (Applied Biosystems) in a PEEK 4.6x100 mm (1.662 
ml) column. 104.1 is eluted in 200 mM NaCl. 

instrument: VISION Work Station for Perfusion Chromatography 
Software: Data analysis software for Vision, BioCAD 700E, 
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version 3 series software, Perseptive Biosystem. 
Detection: UV absorbance at X = 280 and 220 nm. 
Conductivity: 0 - 200 mS 
pH calibrated at: 7.0 and 10 
5 Temperature: The procedure was made with buffers and column at 
rdom temperature <20-24°C) and loading of sample from ice. The 
fraction collector was cooled to 10°C. 

Sample Preparation 

The SEC intermediate is diluted 1+3 (to 25%) in water 
10 containing 0,1% Tween20 under gentle magnetic stirring. The 
sample should be kept cool (4-6*0 until and during loading. 

Column 

P0R0S 50HQ is packed in a 4.6 x .100 mm (1.662 ml) PEEK column 
(Applied Biosystems) at 2000-2500 psi. 

15 Buffer Stocks 

Buffer A: 100 mM TRIS, 0.5% Tween20 / pH 7.5 
Buffer B: H 2 0 
.Buffer C: 2 M NaCl 
Buffer D: 2 M NaOH, 1 M NaCl 
20 Buffer E: 100 mM NaCl 
Buffer F: Sample 

Chromatography Program 

General flow rate 10 ml/min, load sample 5 ml/min. 

25 Fraction size: 9 ml during sample load, 1 ml during l" elution 
step, and 5 ml during 2 nd elution step 
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1. Purge System 20 ml (20 ml/min) 

2. Equilibration: 20 CV 20% buffer A 

3. Load sample via pump (5 ml/min) 

4. Wash: 10 CV wash in 20% buffer A 

5 5. wash: 10 CV wash in 20% buffer A, 20% buffer E 
6. Elution: 

• 20 CV 20* buffer A, 10% buffer c 

• 10 CV 20% buffer A, 50% buffer C 

10 c T oir aotion : £rom the eiution **** ,cf - 3 > - "V 

=o*pa„n 3 g el results to obtain a concentration of „ore than 1 
^ or 00 2Mm .„ M than 1.0. T he fractions oan be k ept over 

4 0 -20 C and -„. c has sho„n no loss 1„ total protein after 
»-ECL t>,r ° U9h °- 22m "" er " h9n a " alySed b * S ° S -n d 
Sanitiz ation of column 

20 1/ tY 20 W ° £ Wat "' " fU »"" sanitization Is 

needed confer .anufaoturer- s manual.. The col™ is stored In 
30-6 ethanol at 5-30°C. 

Analysis 

Start material, flow through and eluted fractions are analysed 
by WB-ECL and SDS-PAGE/silver stained. 

25 Analysis of AIE Pool 

The pool is analysed by WB-ECL and SDS-PAGE/silver stained 
Appearance and description. pH , „P lc , ^ and ^ _ ( ^ , 



Inspicos/25-06-03 



15450DK0O 



35 

times diluted sample,. Ihe specific , concentratiQn 
determined by ELISA. 

Remarks to atf. 

If the SEC intermediate is diluted less than 1 + 3 (25%, 104 
5 xs detected in the run-through from the AIR due to 
interference from the phosphate buffer. 

llTJlr 104 - X aPPliSd t0 the AIE -lumn without 

detectable amounts of 104.1 in the run-through. 

Storage of Final Rniv Produri- 

10 The final bulk product is stored at -80°C in * n 

. at - 80 c m a polypropylene 

contaxner after filtration through 0.22 m fii ter .. " 

i e „Lr:: e thus obta±ned has * — — - — te 
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CLAIMS 
1. 



A method for purification of an EGFR family derived 
protein, said protein being recombinant^ produced in- an 
insect cell culture and said protein being one that is 
5 suitable for purification by means of immobilised metal 

affinity chromatography, the method comprising obtaining, from 
said insect cell culture, a substantially cell-free sample 
containing said EGFR family derived protein, and thereafter 
enriching for said EGFR family derived protein by means of • 
» 10 subsequent steps of 

- diafiltration and exchange of culture medium with buffer 

- immobilized metal affinity chromatography (IMAC) , 

- size exclusion chromatography (SEC), and 

- anion exchange chromatography (A'lE) . 

15 2. The method of claim 1, wherein the EGFR family derived 
protein includes a heterologous amino acid sequence that 
facilitates purification by means of IMAC. 

3. The method of claim 2, wherein the heterologous amino 
acid sequence is rich in histidine residues. 

20 4. The method according to claim 3, wherein the heterologous 
amino acid sequence comprises residues 1-14 of SEQ ID NO: 2. 

5. The method according to any one of the preceding claims, 
wherein the EGFR family derived protein comprises a 
substantial part of the amino acid sequence of human EGFR or 

25 human HER*- 2 . 

6. The method according to claim 5, wherein the substantial 
portion is mainly derived from the extracellular portion of 
EGFR or HER- 2 . 
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I. The method according to claim 5 or 6, wherein the EGFR 
family derived protein is a variant of human HER- 2 . 

8. The method according to claim 7, wherein the variant of 
human HER- 2 includes at least one foreign T helper cell 

5 epitope . 

9. The method according to claim 8, wherein the variant of 
human HER- 2 includes tetanus toxoid epitopes P2 (residues 269- 
282 of SEQ ID NO: 2) and P30 (residues 649-669 of SEQ ID NO: 
2). 

10 10. The method according to claim 9, wherein the variant of 
human HER- 2 includes amino acid residues 17-677 of SEQ ID NO: 
2. 

II. The method according to claim 10, wherein the amino acid 
sequence of the variant of human HER- 2 consists of residues. 1- 

15 677 of SEQ ID NO: 2. 

12. The method according to any one of the preceding claims, 
wherein the step of diaf iltration/buf fer exchange is performed 
at a temperature from about 2 to about 25°C, preferably at a 
temperature of about 4 to about 6°C, optionally with the 

20 addition of a detergent such as Tween when the temperature is 
beyond 10°C. 

13. The method according to claim 12, wherein the 
diafiltration is performed in two rounds so as to initially 
concentrate macromolecular compounds in the sample of culture 

25 medium and thereafter to exchange culture medium with buffer. 
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K. The method according to claim 13, wherein the 
~ e :r. C ~ ~ *~ — t 2 and 

15. The method according to claim 14, wherein the 

5 macromolecular compounds are concentrated about 5 times. 

16. The method according to any one of claims 12-15. wherein 

whxoh the rxrst takes place at a pH of at least 6.5 and at- 

10 T:\ - 2 r d ^ " hiCh «- *~ at a pH of at 

10 least 7.0 and of most 8.0. 

17 The method according to any one of claims 12-16, uherein 
a Phosphate buffer is used for the buffer exchange. 

18. The method according to any one of t-v. 

"herein imidazole, histidine : or a high salt P ™" 9 
15 bnff^r ^ J lgh salt concentration 

TZZ " ^ dia " lt " t - - — r exchanged- 

I'd JT meth ° d aCO ° rdin9 t0 ° laim 18 ' " he - in ^-le is 
added to reach a concentration of between about 0.05 to Zt 

20 whereiTalT T""' " ^ °~ " — * 

fatty acL T fr ° m ' ™™^ene sorbitan 

Triton X100 y POlyethM al °° ho1 «"* - 

Triton X100, a non-ionic detergent, and a carbohydrate based 

— - 

between about 0.05% (v/v) and ma / / » 

(v/v) . IV/V) and 10% (v/v >' such as about 0.1% 
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21. The method according to any one of the preceding claims, 
wherein the IMAC step involves charging of a chromatographic 
medium with a divalent metal ion prior to application of the 
buffer exchanged sample. 

5 22. The method according to claim 21, wherein the divalent 
metal ion is selected from the group consisting of Ni 2 \ Cu 2+ , 
Zn 2+ , Co 2+ , and Fe 2+ , preferably Zn 2+ . 

23. The method according to claim 21 or 22, wherein elution 
of the chromatographic medium is performed by applying 

10 imidazole, histidine, a high salt concentration buffer, or .a 
change of pH onto the chromatographic medium. 

24. The method according to claim 23, wherein elution of the 
chromatographic medium is performed by applying imidazole in 
one single step at a concentration between about 50 mM and 

15 abbut 500 mM, preferably at a concentration of about 200 mM, 
or wherein elution is performed by applying histidine in one 
single step at a concentration between about 20 mM and 400 mM, 
preferably about 100 mM. 

25. The method according to any one of the preceding claims, 
20 wherein the SEC step involves elution with a phosphate or TRIS 

buffer or a biological buffer, such as HEPES. 

26. The method according to claim 25, wherein the pH is 
maintained at about 7-8, preferably about 7.5. 

27. The method according to claim 25 or 2 6, wherein the 

25 average pore size of the SEC matrix separates globular protein 
between 10 kDa and 600 kDa. 

28. The method according to any of the preceding claims, 
wherein samples containing the EGFR family derived protein 
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obtained from SEC, if necessary, is diluted before the A IE 
step so as to adjust the phosphate concentration to less than 
15 mM, such as to the range between 10 and 12.5 mM. 

29. The method according to any one of the preceding claims, 

TlZT T steP involves loading ° f the — ~ ni ; g 

the EOF* famHy derived protein obtained after SEC on a strong 
or weak anion exchange matrix. 

30. The method according to claim 29, wherein elution is 
Performed with a buffered NaCl solution at a p H between 7 and 



10 8. 



31. An immunogenic variant of HER- 2 protein that con.pni.es 
the am.no acid seguence set forth in SEQ 1D N0: 2, residues 



32. The immunogenic variant of HER-2 protein according to 

»T oonsists of the amino aoid sequence set ««* 

SEQ ID NO: 2, residues 1-677. 

33. A nucleic acid fragment that encodes the immunogenic • 
variant of HER-2 protein according to claim 31 or 32. 

20 r DNA ~" C a<=id *~ — - — 33, which is 

claim\r:r t0 3 r 4 Carrying «** *~ — ^ 

36. The vector accordino to claim *a r,^i v. . 

«y to ciaim 34 , which is capable of 

autonomous replication. 
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The vector acco rding to claim 34 or 36 being selected 
from the group consign „«■, ~.p eQ 
mini con ««ti»g of a plasmid, a phage, a cosmid, a 

minx-chromosome, and a virus. 

38 The vector according to any one or claims 34-37, .which in 
5 an expression vector. 

direct TO T r a ° COrdin9 ^ Claim 38 ' «*«*■*». i" the 5^3. 
dxrectron and rn operable linkage, a promoter for driving 

egression OI the nucleic acid rrag„e„t according to claL 33 . 

10 peptide e IT 3 " UCleiC aCid SBqUenCe * * 

oTtlT 7 SeCre " 0n ° £ M int ^atio„ into the membrane 

of the polypeptide fragment, the nucleic acid fragment 
accordrng to claim 33 or 34. and optionally a nucleic acid 
. sequence encoding a terminator 

15 cLmi 3 t :::: formed host ° exi ^ — - - - of 

"aim^r"^ 06 " UhiC " ° artieS ~~ - 

accoTdl to 1 eXPreSS6S nUClelC a ° id 

carril L Claim " "* """o^ 1 * — etes or 

carrres the immunogenic variant of HER-? r,„ t • 

20 Claim 31 or 32 on its surface. ? a ™ n9 *° 

protean ^7 e " i0 «*P-«~ for ima.uni.ing against HER— 2 
protein rn a human comprising the immunogenic variant of HER— 2 
Protein according to claim 31 or 32 in admixture with a 
Pharmaceutical^ acceptable carrier or vehicle and oo- • 
25 an adjuvant. venrcle and optionally 

Protein ITTT" 10 C ° mPOSiti<> " '~ against HER- 2 

Protein in a human comprising the vector according to claim 38 . 
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or 39 in admixture Bi th a pharmaceutical acceptable carrier 
or vehrcie and optionally an adjuvant 

the 17T°* i " mUniZin9 « h — gainst autologous HER-2, 

the method comprising administering an immunogenically 
5 effective amount of 

-the immunogenic variant of HER— 2 protein according to claim 
Ji. or 32 , or 

- the immunogenic composition according to claim 42, or 

- the vector according to claim 38 or 39, or 

10 - the immunogenic composition according to claim 43, 
to the human being. 

«. The method according to claim 44 wherein the immunization 
agarnst autologous HER— 2 protein is used for treating or 
ameliorating cancer. J 
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2500 



volume, ml 

Fig. 1 




volume, ml 

Fig. 2 




volume, ml 

Fig. 3 



P30 epitope pcDNA3. 1 /BGH reverse priming site 




MetaDothtonein promoter 



Fig. 4 
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SEQUENCE LISTING 

<110> Pharmexa A/S 

<120> PURIFICATION OF HER- 2 VARIANTS ' 
<130> P1020DKOO 
<160> 2 

<170> Pa ten tin version 3.2 

<210> l 
<211> 5661 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> Recombinant expression plasmid derived from pMT 
<220> 

<221> poly*A_signal 
<222> (263).. (268) 

<223> SV40 late polyadenylation site. 
<220> 

<221> misc_feature 
<222> (1579) . . (2439) 

<223> Ampicillin resistance gene, encoded by complementary strand 
<220> 

<22l> promoter 

<222> (3050) (3415) 

<223> Metallothionein promoter 

<220> 

<221> BBS 

<222> (3493) (3501) * . 

<223> Kozak-like sequence 

<220> 

<221> CDS 

<222> (3502) (5592) 

<223>. DNA encoding immunogenic, his-tagged variant of human HER- 2 
<220> 

<221> sigjpeptide 

<222> (3502) . . (3555) 

<223> BiP. signal sequence 

<220> 

<221> miscjfeature 

<222> (3556) (3597) 

<223> Histidine tag 

. <220> 
<221> mat^peptide 
<222> (3556) (5589) 
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<220> 

<221> misc_feature 

<222> (3598) . . (3603) 

<223> Dipeptidase stop sequence 

<220> 

<221> misc_feature 

<222> (3604) (5589) 

<223> Gene coding for the hHER2MA5-5DUH protein 
<220> 

<221> misc_feature 

<222> (4357) . . (4401) 

<223> Diphtheria toxoid P2 epitope 

<220> 

<221> misc_feature 

<222> (5500) . . (5562) 

<223> Diphtheria toxoid P30 epitope 

<400> 1 

ggccgctcga gtctagaggg cccttcgaag gtaagcctat ccctaaccct ctcctcggtc 60 

tcgattctac gcgtaccggt catcatcacc atcaccattg agtttaaacc cgctgatcag 120 

cctcgactgt gccttctaag atccagacat gataagatac attgatgagt . ttggacaaac 180 

cacaactaga atgcagtgaa- aaaaatgctt tatttgtgaa atttgtgatg ctattgcttt 240 

atttgtaacc attataagct gcaataaaca agttaacaac aacaattgca ttcattttat 300 

gtttcaggtt cagggggagg tgtgggaggt tttttaaagc aagtaaaacc tctacaaatg 360 

tggtatggct gattatgatc agtcgacctg caggcatgca agcttggcgt aatcatggtc 420 

atagctgttt cctgtgtgaa attgttatcc gctcacaatt ccacacaaca tacgagccgg 480 

aagcataaag tgtaaagcct ggggtgccta atgagtgagc taactcacat taattgogtt 540 

gcgctcactg cccgctttcc agtcgggaaa cctgtcgtgc cagctgcatt aatgaatcgg " 600 

ccaacgcgcg gggagaggcg gtttgcgtat tgggcgctct tccgcttcct cgctcactga 660 

ctcgctgcgc tcggtcgttc ggctgcggcg agcggtatca gctcactcaa aggcggtaat 720 

adggttatcc acagaatcag gggataacgc aggaaagaac atgtgagcaa aaggccagca 780 

aaaggccagg aaccgtaaaa aggccgcgtt gctggcgttt ttccataggc tccgccccoc 840 

tgacgagoat cacaaaaatc gacgctcaag tcagaggtgg cgaaacccga caggactata 900 

aagataccag gcgtttcccc ctggaagctc cctcgtgcgc tctcctgttc cgaccctgcc 960 

gcttaccgga tacctgtccg cctttctccc ttcgggaagc gtggcgcttt ctcatagctc 1020 

acgctgtagg tatctcagtt cggtgtaggt cgttcgctcc aagctgggct gtgtgcacga 1080 

accccccgtt oagcccgacc gctgcgcctt atccggtaac ' tatcgtcttg agtccaaccc 1140 

ggtaagacac gacttatcgc cactggcagc agccactggt aacaggatta gcagagcgag 1200 

Inspicos/25-06-03 



1545OOK0O 



gtatgtaggc ggtgctacag agttctt.aa g t ggtggcct aactacggct acactagaag 
g aca g tattt gg tatct gcg ctct g ct g aa g cca g ttacc tt^aaaaa gagttggtag 
ctctt gat cc gg caaac aa a ccacc g ct gg ta g c ggtgg t ttttttgttt gcaagcagca 
g att a c gcg c a g aaaaaaa g g atctcaa g a a g atccttt g .tottttcfc. c ggggtctga 
C9CtCa9t " aa ^ aaaact cac g ttaa gg g att ttgg tc at gag attat c aaaaagg at 
cttcacct ag atccttttaa atta aaa a tg aa.ttttaaa tcaatctaa. gtatatatga 
g taa acttgg tctgacagtt accaatgctfc aatcagfcgag gcacctafcct 

tctatttcgt t catccat ag tt g cct gac t cccc gtcg t g tagataacta cgatacggga 
ggg ctt a cc a tctggcccca gtgctgcaat gataccgcga gacccacgct caccggctcc 
a gatttat c a g c aataaac c ag cca g cc gg aagggccgag cgcagaagtg gtcctgcaac 
tttatcc.cc tcca t cca gt . cUtt-ttg tt g cc gggaa gctagagtaa gtagttcgcc 
a gttaatagt ttgcgcaacg ttgttgccafc tgctacaggc afccgtggtgt ca ^ tcgtc 

g ttt ggta t g g cttc a tt ca g ctc Cgg ttc ccaacgatca aggcg a g tt a , atgatcccc 
cat gttgtg c aaaaaagcgg ttagctcctt cggtcctccg atcgttgfcca gaagtaagtt 
gg cc g ca gtg ttatcactca tggtfcatggc agcactgcafc ^^^^ ctgtcafcgcc 

atcc gtaaga tgottttotg t g act ggtg a gt ac tcaa cc aa g tcattct g a g aata gtg 
tat gcggcga cc gagttgct cttgcccggc g t caa tac gg gataataccg cgccacatag 
ca gaac ttt a aaagtg c tca tc a tt ggaaa ac gt tcttc g gggcg a aaac t ctc aaggat 
cttacc g ct g ttgagatcca gttcgatgta acccactcgt gcacccaacfc gatcttcagc 

atcttttact ttcacca gcg tttct gggtg ag caaaaaca ggaaggcaaa atgccgcaaa 
aaa gggaata agggcgacac ggaaatgttg aatacfccata 

tt gaagcatt t atcaggg tt attgtctcat gagcggatac atattt.aat g tattta g aa 
aaataaacaa ata gggg ttc c gcg cacatt tcccc.aaaa g t g ccacct g a c g tct aag a 
aaccattatt at c atgaC at t aa cc tataa aaataggcgt atcacgaggc 
g c gcgt ttc g gtgatgacgg tgaaaacctc tgacacafcgc agctcccgga gac ^ caca 

gottatctgt aa g c ggatgc c gggagC a g a caa g ccc g tc a gggcgcg tc a gcgggtgtt 
gg c gggtg tc ggggctggct taactafcgcg gcatcagagc agafctgtact gagagtgcac 

catat g c ggt gtgaaatacc gcacagatgc gtaaggagaa aataccgcat caggcgccat 
tc g cc a ttc a ggctgcgcaa ctgttgggaa gggcgatcgg tgcgggcct(= ttcgctatfca 
c g cc agctgg cgaaaggggg atgtg - ctgca aggcgatfcaa gttgggfcaao 
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1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
2340 . 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
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tcccagtcac 

ggatgtggtg 

taagagaccc 

gcaagtaaga 

agtccccaaa 

gtctccactc 

ccgtgtgtaa 

cagttgtggt 

gatcggggta 



gacgttgtaa aacgacggcc agtgccagtg 

cccgatgtga ctagctcttt gctgcaggcc 

agaactccgg ccccccaccg cccaccgcca 

gtgcctgcgc atgccqcatg tgccccacca 

gtggagaacc gaaccaattq ttcgcgggca 

gaatttggag ccggccggcg tgtgcaaaag 

agccgcgttt ccaaaatgta taaaaccgag 

cagcagcaaa atcaagtgaa tcatctcagt 

ccaaagtcac c atg aag ttg tgc ate 
Met Lys Leu Cys lie 
-15 



aattaattcg ttgeaggaca 

gtcctatcct ctggttccga 

cccccataca tatgtggtac 

agagttttgc atcccataca 

gaacaaaagc ttctgcacac 

aggtgaatcg aacgaaagac 

agcatctggc caatgtgcat 

gcaactaaag gggggatcta 

ttg ctg gec gtc gtg 
Leu Leu Ala Val Val 
-10 



"* = » 5 2 ' ffi = f r = = = F = = = 

E E 2 I" 2 I" E E £ E S « - - - 

" 20 

2 22 2 5 £ E S 2 5 K a a a ~ - 

35 4Q 

2 5 a 2 £ a s 2 a » a 2 s; s: a a 

2 S £ 2 a - S E s ~ ffi ^ 

65 70 

2 SS ?2 Sn SS £ ?2 2u S S S?°' aac caa 9tg 

75 y „„ U Ile Ala His Asn Gin Val Arg Gin 

80 85 

e a a a a a a 2 a a a a a a a s 

^ 100 

e = a s a a 2 a a a a a e a a a 

115 120 

W ?„r Pro Tr gj J£ £ Pro S S° ^ 939 ^ «» 

125 Gly Leu ^9 G1 « Leu Gin 

130 135 

2 a e a a is a a a a a 2 a a a a 

145 • 150 
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3060 
3120 
3180 
3240 
3300 
3360 
3420 
3480 
3531 

3579 

3627 

3675 

3723 

3771 

3819 

3867 

3915 



3963 



4011 



V 
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a a a a 5 a a a a a a a a is a a 

160 165 

a 5 a a a a a a a a a a s a a a «•» 

1/5 180 
egg gec tgc cac ccc tgt tct ceo ata t-rrt- ~ 

jg u. «. al . Pr<> c|. a S 2 g -I Jg £ 2; £ g 

190 195 200 

s a a 2 a s a a a a b a a a - K 

' 210 215 

a a a a a a a a a a a a a a a a 

225 230 

a a a s a a a a a a a s: a a a a 
a a a =; a a a a a a a a a a a 

260 

gee ctg gtc cag tac ate aaa get aac tee aaa t-*.^ a . 
Ala Leu Val Gin Tvr xi^ Tu c ai^ » S ttc atc Wt ate ace 

265 y 270 ^ n LyS PhS Ile G1 * Ile Thr 

275 280 

a a a a a a a a a a a a s a a a 

290 295 

a a a a a a a a a. a a a a a a a 

305 310 

a a a a a a a a a a a a a aa a 

325 

a a a a a a a a a a a a a a a a 

340 

a a a a a a a a a a a a a a a a 



360 



4155 



4203 



4251 



4299 



4347 



4395 



4443 



4539. 



4587 



a a a a a a a a a a a a a a a a «~ 

370 375 

a a a a a a a a a a a a a a a a «• 



380 ooc 

385 390 
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a 2 e s s a i" a a s is 2 a e a £ 

2 5 E 2 2 23 So 2 2 2 2 - £ - 2 s 
. 2 E 2 5 2 E 2 E £ sg E E 2 2 E 2 

435 440 

"° 5 ? E "I s 5 2 2 2 2 £ 2 2 a 2 

450 455 

2 2 E 2 S 2 £ S 2 2 E E 2 EE 2 

465 

E B 2 E S E S E E EE E E E 2 2 

480 485 

2 a E E E E E E 2 E E 2 E E 2 2 

qy5 500 

E E E 2 2 2 E E 2 E E 2 2 E 2 E 

515 520 

E E E 2 2 E E 2 E 2 2 2 E ffi 2 2 

a s E e 2 2 a 2 2 a 2 a e 2 2 a 

545 550 . 

2 E E 2 E E E E a E E E 2 E 2 2 

560 565 

22 E E 2 E a S 2 a E 2 2 2 2 2 

575 580 

If * K - S E E 2 2 2 E E 2 2 2 E 

590 595 

E 2 E 2 E 2 E 2 g a E £ 2 S H 2 

610 615 

2 E E E E E £ a E E 2 E 2 2 2 2 

625 630 



4779 



4827 



4875 



4923 



4971 



5019 



5067 



5115 



5163 



5211 



5259 



5307 



5355 



5403 



5451 
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III HZ r 9 2?° o gC CCC gcc gag cag aga 3 CC age oct ctg acg tec 5499 
Asp Asp Lys Gly Cys Pro Ala Glu Gin Arg Ala Ser Pro Leu Thr Ser 
635 6 40 645 

Ph! tt 9 gtg ag ° ttC tgg ctg «=gc gtg ccc aag gtg age 5547 

elo Val Hi Phe Trp . 1:60 ^ Val Pro 'al Ill " 



<210> 2 
<211> 696 
<212> PRT 

<213> Artificial sequence 
<220> 

<223> Recombinant expression plasmid derived from pSI 
<400> 2 

Met Lys Leu Cys He Leu Leu Ala Val Val Ala Phe Val Gly Leu Ser 
~ i5 -10 _ 5 

Leu Gly Met Lys His Gin His Gin His Gin His Gin His Gin His Gin 



10 



Ala Pro Ser Thr Gin Val Cys Thr Gly Thr Asp Met Lys Leu Arg Leu 

20 25 30 

Pro Ala Ser Pro Glu Thr His Leu Asp Met Leu Arg His Leu Tyr Gin 
35 40 . 4 | 

Gly Cys Gin Val Val Gin Gly Asn Leu Glu Leu Thr Tyr Leu Pro Thr 

55 60 

Asn Ala Ser Leu Ser Phe Leu Gin Asp He Gin Glu Val Gin Gly Tyr 

70 75 

Val Leu lie Ala His Asn Gin Val Arg Gin Val Pro Leu Gin Arg Leu 



90 



Arg lie Val Arg Gly Thr Gin Leu Phe Glu Asp Asn Tyr Ala Leu Ala 
• 100 105 110 



5589 



Ctg 999 atC gtC tct gc <J gtg gtt ggc att ctg 
Ala Ser His Leu Glu lie Val Ser Ala Val Val lly He Leu 
665 670 675 

tagaagcttg gtaccgagct cggatccact agtccagtgt ggtggaattc tgeagatate 5649 
cagcacagtg gc 



5661 
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Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr Thr Pro Val Thr Glv 
115 120 125 

Ala Ser Pro Gly Gly Leu Arg Glu Leu Gin Leu Arg Ser Leu Thr Glu 



"0 135 



140 



lie Leu Lys Gly Gly Val Leu. He Gin Arg Asn. Pro Gin Leu Cys Tyr 
145 150 155 

Gin Asp Thr He Leu Trp Lys Asp He Phe His Lys Asn Asn Gin Leu 

165 170 

Ala Leu Thr Leu He Asp Thr Asn Arg Ser Arg Ala Cys His Pro Cys 

185 190 

Ser Pro Met Cys Lys Gly Ser Arg Cys Trp Gly Glu Ser Ser Glu Asp 
A9b 200 



205 



Cys Gin Ser Leu Thr Arg Thr Val Cys Ala Gly Gly Cys Ala Arg Cys 

215 220 

Lys Gly Pro Leu Pro Thr Asp Cys Cys His Glu Gin Cys Ala Ala Gly 
225 230 235 * 

Cys Thr Gly Pro Lys His Ser Asp Cys Leu Ala Cys Leu His Phe Asn 

245 

His Ser Gly lie Cys Glu Leu His Cys Pro Ala Leu Val Gin Tyr He 

265 270 

Lys Ala Asn Ser Lys Phe He Gly He Thr Glu Leu Arg Tyr Thr Phe 
275 280 285 

Gly Ala Ser Cys Val Thr Ala Cys Pro Tyr Asn Tyr Leu Ser Thr Asp 

■295 300 

Val Gly Ser Cys Thr Leu Val Cys Pro Leu His Asn Gin Glu Val Thr 



310 



315 



Ala Glu Asp Gly Thr Gin Arg Cys Glu Lys Cys Ser Lys Pro Cys Ala 

32 5 330 

Hi CyS Tyr Gly J™ G1 * Glu His Leu Arg Glu Val Arg Ala 

345 350 
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Val Thr Ser Ala Asn He Gin Glu Phe Ala Gly Cys Lys Lys He Phe 
355 360 365 



Gly Ser Leu Ala Phe Leu Pro Glu Ser Phe Asp Gly Asp Pro Ala Ser 
370 375 380 

Asn Thr Ala Pro Leu Gin Pro Glu Gin Leu Gin Val Phe Glu Thr Leu 

385 390 395 

Glu Glu He Thr Gly Tyr Leu Tyr He Ser Ala Trp Pro Asp Ser Leu 
400 405 410 



Pro Asp Leu Ser Val Phe Gin Asn Leu Gin Val He Arg Gly Arg He 
415 420 425 430 

Leu His Asn Gly Ala Tyr Ser Leu Thr Leu Gin Gly Leu Gly He Ser 
435 440 * 445 

Trp Leu Gly Leu Arg Ser Leu Arg Giu Leu Gly Ser Gly Leu Ala Leu 
450 455 460 

He His His Asn Thr His Leu Cys Phe Val His Thr Val Pro Trp Asp 
465 470 475 



Gin Leu Phe Arg Asn Pro His Gin Ala Leu Leu His Thr Ala Asn Arg 
480 485 490 

Pro Glu Asp Glu Cys Val Gly Glu Gly Leu Ala Cys His Gin Leu Cys ' 
«5 500 505 510 

Ala Arg Gly His Cys Trp Gly Pro Gly Pro Thr Gin Cys Val Asn Cys 
515 520 525 

Ser Gin Phe Leu Arg Gly Gin Glu Cys Val Glu Glu Cys Arg Vai Leu 
530 535 540 



Gin Gly Leu Pro Arg Glu Tyr Val Asn Ala Arg His Cys Leu Pro Cys 
545 550 .555 

His Pro Glu Cys Gin Pro Gin Asn Gly Ser Val Thr Cys Phe Gly Pro 
560 565 570 

Glu Ala Asp Gin Cys Val Ala Cys Ala His Tyr Lys Asp Pro Pro Phe 
575 580 ' 585 590 
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Cys val Ala Arg Cys Pro Ser Gly Val Lys Pro Asp Leu Ser 
595 600 

Pro lie Trp Lys Phe Pro Asp Glu Glu Gly Ala Cys Gin Pro 
610 615 620 

He Asn Cys Thr His Ser Cys Val Asp Leu Asp Asp Lys Gly 



630 



635 



Tyr Met 
605 



Cys Pro 



Cys Pro 



Ala Glu Gin Arg Ala Ser Pro Leu Thr Ser Phe Asn Asn Phe Thr Val 



645 



650 



Ser Phe Trp Leu Arg Val Pro Lys Val Ser Ala Ser His 



660 



665 



Leu Glu He 
670 



Val Ser Ala Val Val Gly lie Leu 
675 
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